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m*JS3] TXi'A^. Fe, Co. NitD^-^lSffl 
[tt*JS4] TXi^*^ Fe, Co, NiOo-^imm 

mtt^ajm i tfctt2fB«®#^mi^^7ie*^roK 

TfeS i <*: ^If a ^:T■5ft*« 1 * fctt 2 f3«®W^« 

d t * l^ii: t-rs»*Jl 1 2 iE«<!0=t 
stt*JS2iBa®w«m#567tm?<^saji:5a. 30 

[w*«i 2] mmi&^±izmmtimmi)mfitiT 
c t-r 511 1 ^rc\t 2 iE«(7)*-^m# 

u<th-i5X'&^z.t^mWitr^miSi-m. 1 its 2 
1 5faa®w^mi^^7t*^®siig;5ffi, 50 



[0 0 0 n 
Wimzm^. 

[0 0 0 2] 

[0 0 0 3] *^m#%3t*?:*^iiSWi?t^7fr5e:t 

ti, n5''-yi7a©C. W. T a n g 6>tC,fc:?T?l[I*TS 
$nfc(Appl. Phys. Lett. 51 (12) 
21, p. 913, 1987). nyv^^<nWBhtz 

h\z. mmmzii-oxiEimm'&oivj zy^t'^m. % 

xmUt UTM g : A g ^rim^^C^ltifc'bOTaB ?) . 1 0 
VgS©lii)«ET 1 0 0 0 c d/m' ©jgfefg^A^pJ 

[0 0 0 4] Ld^b. BiiiXU'i/ hD-i'X1996. 1. 29 
(No. 654)p. 102l::feJgffiStlTI/i-5i'5 *?tO/1:5' 

[0 0 0 5] 7;u*7-X'fxyU'f 

tC?if-r-i.K^tt(CSUVi. #^^6-2 3 4 9 6 9^'/i 

^tcft^^nsi^ic, ^mmix^t^^t\ziiy) 
[0 0 0 6] ^^c, ^^*?tcttms®/'?^'->}nix 

[0 0 0 7] Z.(D^otlMm-^^. ^«&Cf^ 
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[0 0 0 8] 

"f-oiA^-ymmn^ :it-Ammx'$>z>tz, ^(Dz.t 
^^<^@«s^. mnn.m.(r>mmzi^^^ o7.v-^ 
%^(DW.m\zhts.y)^^i^^timmxh^tz, m7L\-i. 

#BB¥2 - 6 6 8 7 3-^:ii^(Cctntf. /t37->hr-y^ 
3 0 0 Mm*«i:Vi-5cD«, VXi/^fflli-SCtfrcfc.S 

[0 0 0 9] *%Bja. *^>6^5Pn^S$»ftb, ':7x-:/h 20 

LxmzWi'^f^z.tii^u^x\ifs.<. '<st^x\f^^m 
xhr)fz.-^x^\ziii,m&t^n^-yiaj:.^^m.n><D 

[0 0 10] 

*^B^®sijg:^te« mmt.^mt(Dm\z^mit'^ 30 
T, ^m=i-\z^tin^n^-ymi.^m'^. m.f]\zx-:i 

[0 0 11] 

tit, mmtmmt<Dmiz^mit'tm*^itj.^?t^mii^ 

[0 0 12] mmtfkm\i. m^j^oim^iz+j^tmrna^ 
m^x'^^mm^^^xi-i^^^Ai. ^^MK)iii-rrztb\z 

[0 0 13] mmts.mmitPim^mmmm*^3o%^:x±. 
$>rnmmz:kttmmirj.i,^-^^, mmm\z\ti 00% 
izm^^iim^L^\ m^m\z\t. ^m^^m\zt>tz^ 
xmmmmommmi^-octtm^Li^^i. -as^ 
^fzi^^m-timmmz^iR^mz'tt^ z.t^-5jmx$> 
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WKibTli, -1'>v'i7A, ^, ^, ffi, ffigi, 7;i/5 
r:C7A. i^oA. -y-^r;!.. S^. gsg, TKSg, 7;i/rf 

^t.ifi^\,^m. B^im. m.imfs.ii<n>m.Wi.mn,'&.fSo 

M. #'J?^7x>. Tj^'J tfn-;i/. /j?iJ7:riJ >^£^: 
[0 0 14] *^B^Ci5i,i-r!|ttCff£L.U^S©0iJiL 

x\t. m.mmw.±.\zmt^nrzmim. m^tmrn. mit-( 
yi/^K. Wtitm'i>-J<!?A (I TO) rj.ii^$)Vf^:i 

tiE\zio\i^x\-t. iiDitttcsnfei TOifimz^mum 
thxh\i^z.tt^x^^, ^mmKt:i=mzK>m,s.^ 

TWl$iJOfcJ6t-, I T 0\Z\t'Pmo:>^^^UE(D^mifi 

^snTt^Tts<, ^. ^, ffi. sfi). -i'>v 

tz'>±^z.t-/)ixthz.ti)^ib^^mrj.^mx'h^, 
<Dms:mti(Dm.^i}-^^\t. i Toi,i&^mx$>^z.tiii 

im'FmmtLxmmt^fi^. miEx\ti ooyamm 

^*3-&Te«lC]l^»*iT#-5*5, a# 1 0 0-3 0 0 
>y^«-^7wJPASrfflli5C:i:fcT-$-57!)S, $fji75:^Jt 

0. 7mm«±a&nff+^J-Ta&5. 

7 U 7 X 0**iff S b Vi:*^ S i O, fs. f O/N* ij 
7 n - h L V -rJ'^ -f A ;y 7 X ferjiBg $ nx 

Afe. x/'?-y37ij>yfe, {b^Sj£Sfef#cS)JK^S 
[0 0 15] «?&*^^®^3tlt^^^< 

*^ «S©^«tt<£r#;^St. ^, ffi, ^. j^, 

'^tz\t.zm^mt^^mm^^m.t<D^^ts.Etii 
^^h\^mtvxmiin^, ^tz. ^i^ii^vi^^mm 
\zi&ti:mm^^m^^m\zv-\d>ifLx^^. 
izitmm^^ti^m^mmtLx&m-r^ctx. 
&x^mt:^<u-^fii}^i=>^^umm^%^:Lthx^ 
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[0 0 16] ^mmw^^m^^zt^n^^mmtLx 
tt, 1) lERmmm/^^m. 2) lEH^'^m/^ytm 
/m=f-^&M. 3) ^%m/n.=f^m.m. ^tr. 4) 

{k;^ti*^e.^t-5%7tl*^?¥«tTv>ti«. ±lBi) ~ 
3) di^mnmm'&omzA) ©i^ic^^twwsfit 10 

1 ^ -1^ tt i) ttT fe i l/^. 
[0 0 17] IE?L«iSiil«iE?LiJSH4tl«*$6-C> *S 

TLMJittti^Kiil/TlJ. N, N ' ->'7x:^;p-N, N 
' -'J (3->c^;i/7i:^;i/) -1, 1' -v'7xn;i' 
-4, 4'-v75> (TPD) -t'N, N ' -v7xn 

;p-N, N ' 1. r -i;7xn;i/- 

4, 4'-v7=> (NPD) ^Ct'tCf^^;SnSh'j7 

x::i;i'75>3S, N-'l' v:;''n tf;P*;PA*7-;i'Sti:© 20 

[0 0 18] %%mMmt^\z^JMis''h^it^tvx'^ 

U >7;i'5n>:7Arofli3(ct>. «»JAli, IfX 
x5"'j;P7>h7-t>K«<*:. xh57x-;i/:;^^vx 30 

5^7-:^7VDifUv>§l««j. :j?UT- 

^TIJ, #'J7xr:k>t'nU>5l^#:« >P'JA77x 
-k>g|«<*. ^tT, 7j^U?:t7x>^^ftrj:i:*i^ 

6 6 0. DCMl, '^'jy>. '^UU'>. i7-7'J>54 
0, v71f'f>y-t:>SI«*/Si:*«^K)S*<s&fflT'^ 40 

[0 0 19] m^^^H4tlKibT«, 
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2- (4-f7x-;U) -5- (4- t -:/5^;l'7x- 
M -1, 3, 4-^=^^1ti^77-;P (t -BuPB 
D) f3.E(Dt^-*)r'y7'/-Jmmm»^ SK^Stt^lS] 
±$ii-fc^=i^-!J-v77-;i'-»ft?^K^<*® 1. 3-f 
7, (4- t -75';i'7x-Jl/- 1, 3, 4-^^itv7 
iJJP) f7x:rU'> (OXD-1) . 1, 3-b*;?. (4 
- t -T'^^^l'^xnjU- 1, 3, 4-:t+-tJ->'7UJL') 
7xr:l'>' (OXD-7) , h'J77-;l'?RK^ft> 7 
X :f > h D >J > Jg^SftJi Ef)^$> i o 
[0 0 2 0] £i±®iE7L«Ell. m^SSi^SC 

U-h, 7t?'JXXx;i', JpUXJl'7:f>. jHU7xXI^ 
>*:^^it-1"H. 5j?'J7^-:^x>. ':rh> 

mm. 7xy4-v^il. Ji^'Jit;i'7:j->- 5}?>J75F, 

'yVymm. SSWI. :i'J7fflii. ;^7 5>W> ^ 
ISla;P'JxXx;i/ffl!t. 7;P+H«Jt- xt!?:^^'^!!. 

[0 0 2 1] ht^-mmmm. %itm. m^in^i^cf 

~ 1 0 0 0 nmOmti''^M.\in^. 
[0 0 2 2] n%:r.^)V^-t\t.^\z^mMm.^^-t 

[0 0 2 3] i^%m\zi=n^n^-yiBT.w>iift\t. s 

[0 0 2 4] 5!J^lCl3#-rseK^^i:LT«, 

nmMifi^\zmM-^h^'. cneoj^i^-^-tJ-'fxaiftr 



( 5 ) 

7 

fi-liSg-tJ-'f XTfeS 1 0 0 X 3 0 0 nm^mT^t^C 

[0 0 2 5] x^-xyu-fffli^Ta. ^j^g^iiSf^/'? 

2mmt;TT*SCi:;{iW*L.<, § 5. 5 0 0 ym 
*MVh'Ji7XST?t>, TFT:35iC:iCf^S^ftl-i>7i'x 

[0 0 2 6] ±tS<Dl:@(C^UT«. 

s tc J; o T/1 - >jDi-r s isAi^tf n 

[0 0 2 7] :^^m'>Zii-z>XA^->mx-^t\i,fmt^ 30 

ir [E« n^i t iifitaj t b T 7 ^ -7 

[0 0 2 8] *^B^(rfett-5V7.i'tli« 

■<)iA<D^ormvio:>t(Dizi-osK±(Dma^f)mm 
ntzt^xsi^. mmmtj.^\z^r>x&mzf^f)^z>xm 40 

[0 0 2 9] :$immxom^tj.<i^mt. ^7.i;tsmt 

<D^^^^mti\zJ:oX\^±-^-&Xf'^i>,^X&i>. 
X M n Si5*^ T X i7 oi^ogB^^'Mc b ty J; 5 (c^Sf $ 
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«*%Bj(Difig6<j;i g WTtt^ci/iOT. {K:*; lei T?i 

\z:^m^m^-r^^(Dx\tti\.\ 

[0 0 3 0] *^?^tC*3ViT«. TXi^i-^-Ofdll-oeC 
® S« i *<ii:'3 IC J: o T K§ I :^ S R b ^ p 

<i:-rn«. &mm^x$>^x'h-77.i^^mm^x$> 

i7 i: 88 ;^ ^ S b ^ ^ «a^gT' * -5 'i:>Stt^t 

<. ^\ti^L<\t}^tiii^\z-o^^xhmzm^\t-^ntj. 

m^ommmx$>^&m&m\z, mm\z^-^xistmti<D 
R(S$n^vxi7, ttii:>%m^\zm^'§iitq>ti^itm 

m-^\z\t'Z''Sri^7.i7o^mm^+^\z%'bni>&.±o 

[0 0 3 1] )«85<O»jg7it0iJi:bT«. *A?K5fi?.(yt 

:&|fi3®KII;'3*^-atcji!i<J;5H. ■77.i'MPgBJi^±0 
:k^-&Xh^:LtiAm'^h\,^. ^tz. i-:)(Dm^\zii-o 

x^^^n^mmzmm^^^■^^kx^^\^^tl\ 

c:>^mm-r^z.thxn^, ^^t<D^m\z-o^^x\t. 
■7xi;\z+^Tm-hifi'SLSunxhn\m\zm.-&-^nt£ 

[0 0 3 2] ii^!\m.-E(DVfmuitmt.\^x\t. m.^. r 
^m. wm. crm. com^ Ksmmo)^xmim 

5*f*4. UKm> A 1 n i c o#i. NKSffl, C u n i 

c omtj.ii(Dmiiimim^^n, 0P7x7'rh. Ba 
7x7^ hti.^<Dm^m^m^ti<^z^izsm- c ojk-^ 
N d - F e -Bmzi^m^n^^m^±mm^mtj.ii 

(D^m^/-<)i'i^mzm^^z.tf)^g^^^i)i, j^^^zta^ 

WttwgAb^cO, *»*S:j[tDEfi£Sbfc*)(7)<£)S5<i:b 
[0 0 3 3] maSti. K«^4©0N. OFF;^tf,UC 

\zmti^m%mzmmx^^z.tf)^i=>. *5iBjic*3iiT 
^$«sii#(.^fcvuy'r K3-i';n^tc®-i:<^jfAbfe 
tbx±t^\zmiftz'h<D(Dm\z. ir^mm^s ai-f 
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Mn-Znl^. Ni-Zn^, Cu-Zn^;^cJ:£ 
[0 0 3 4] '77si7<Dffmt^^ifAtbXh±t^<Dmmi 

[0 0 3 5] '^7.^mun(D^^t'^^x\t. mi^mz 
\t^mM^^%M^<on^->t\!iiL(D^n\z^L^^. i> 

Tja03EU^Si^l^-t3/^iS7->:^ 1 iiL<D'77.^X^m' 

^^'t\Z\t. -^7.^ (^n^-'>\iv'^<^^W^^\tl^x 
2mm. ^^tcffSUVi^^iJiUTS 0 0 Mm^tHJ^T^ 
Z.tti^Xt^o 

[0 0 3 6] VX^CDiP^tC-tl^ViTt^. 

n^-y-^-^ X\z^X^<DX-'Wi\z\tyr-^t^^^. iJ^ 

Tli, 2mm!^TO]P$:^Wiife^J^bT#^f'bn^o 40 

0. ;^3'->tf^y^t^^^tc»^H.^^J<hUT5 0 0 M 
m^^J^LTl^-So Z.(Dm^. {SJAtfgaPSB^O^S 0 0 u 
mTfen^J-TXi^c^SOiUti 2 0 0 fi xti t^^ O Z.t\ZU 

mun^-yn&'^^Mm-^fz^\z\t. -^7.^0 

iS^tiSOilg (C(7)^'&ti2 0 0 Mm) 05fg£^TTfe 

^TX^7 0<tD»ii;^ci:iP$<liLT^i. 5 0 0 /imttT^ 
m^^-f^Z-ttf^X^^. 5C 
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[0 0 3 7] Mmm.^%itM=f^\zm^^^n^&^<^^^ 

^^^^m^ix&^o Lf}^hUf)^^^ aifflT^ii/i^- 
]^.'t^rcib\z±m(DXo\z'^:^^<Dm^^n<t^t. 
■T7.^<Di^mi:m<^m^x^M^^n'^t<uKi. -^x 
c^\zoi2r) ^j^^r^t^ Ehxwm^^mt^t:>ti^ ^^^^ 

[0 0 3 8] *«0^^Offiig;5ffiTti. ^^m^^jt*^ 

ct^xt^o :^-^-^'-(Di^mi5m^um\imzm^ 
^n^h(Dx\^t;.^^ti^. y^h^)'j^yy-(-^ti,E^ 
mmLx. '^T.i/o^mfj^^^yt^^y^^mxKumx 
^^x^\z. $>ibf)^\:^^mu±\z^mvx^< ^t-^^x 
mw\\z\tm^x&^o x^-it-<?)ig^ti. ^mm^^ 

xri/^^->iwxmm^mitht^i^um\Z'Z^mx&^^ 

M^ttO. 0 0 iim^^mXM^^tl^^^. ^\z 

[0 0 3 9] ±EX^— 9— CO^iEH. VX^OS«iS 

fftl1#tcK^^n^feco-Ctl^j:V^7&^. 7;j- M/vXh^ct 
[0 0 4 0] 

[iiss^j] ^mm^xzsitm\^$>^fx^^m^ 
[0 0 4 1] m^m 1 

2 8 X 3 6mm. JS^ 5 0 /zmc^a m^it\tF 
e54%. Ni29%. Col7%) St^. '>xy hX 

c?Dfi$^t^n-€'n2 0 0 /zm. 1 5mmT$>^o COll 
ngBtiMia^f^twtf>7^3 0 0 MmTl 6iii^0ji^n 
Tl^^c t-Tib-fe. +*gB53'tttfy^3 0 0 urn (IIP 
gBili200Mm, nr)^! 0 0 urn) XI 6*<0X 
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\t. ^^\Z7. Smmi^rBltCl. 2 7 mm tf (WP 

i^tcaSbT, S*fC^=3A*-;l/«ffl (±ffl) 3 8X 
46mm, jp^l. ImmCDliyTs^U. 3 4X4 2m 
m. ji^3mm(0SSS5^J®lcBt^^T@^bfco S«5 

\tBiL^mw^^^m<o^±mm^ (h-2 3cv) lo 

lCcfc:3T^JSA 1 ^1 nm/sCOaSTl 5 0 nm^tf 

:g3a;&f^043*gBtCi5tt^«ffii|ifri2 0 0 //mT 

ab^2 0MQJe;^±T*ofCo 
[0 0 4 3] JtK«?iJl 

^430, mSit@<7)¥±^Mt^2 7 0 /zmTSofc« L;^^ 

m^mm\z)i^^xmm^nrzA]<Di^tti:mDih^ 
•^^M.^n. i6^^m^'^oiom(DmmfBwm%mz 

[0 0 4 4] mmm2 30 

PBPlfKi|i;!i^2 5 0 Mm, 5iOiti;$>^ 5 0 ^m (tf-y^tiS 
OO/im^l^DTfe^) T^^CthW^I^H, *JS0ai^ 

i^«tcLTAima^/i^->SDxbfco mm-^ntcA 
2 5 5 MmTs»ofco sfc, mmm<Dm%mmm^t^M 

[0 0 4 5] JtRM2 
^«(^^tra:E^ffifflU:^f:75^^fc«^1^tl^:^«sj2 ^|HHt 
tcLTAl mS^/^^->JtlDXLfc^C5. ^4[C^-r 40 

'^ot^x(Dmmrs\tmn.^\zm^^^mtt^'::>r^^rc. 
[0 0 4 6] mmms 

ITO^B^mffiM («^b'-A^if^5. 1 5Q/D) CO 
ftt^ifcff^ 1. lmmO:^^XSffi^3 8 X 4 6mmco 

O^300/imt:^y5^(ITO^Di|i270Mm) X3 



0-41069 

12 

^rct>\Zl. 2 7mmhr^yf^ (^aOTS 0 0 /xm) ^ 
af^coX?^ffi7!j^2 X 1 0-* P aJ^TtC?i'5tTgP^b 

0. 3 nm/#(OiiSTl 2 0 nm^irt, 0. 3 5w 

U >7^^-»^A (A 1 q 3) ^ 0. 3nm/?}>cDiiS 
T3 0nm, ^<E>tC, A1q3^0. 3 nm/^CD^m 
T7 0nm$Ji*||«Lfc. Ki±cOW«%cOi^«ttS« 

i^ffit;:ffo;to 'A\z. ^mmi tmmzm^^m^^x. 
I To<hiis<Dx K^-ryA^->;&^a3?-r^ck5iiv 

Mlnm) bfc^. Also. 5 nm/!j?(OjtSTl 5 
OnmcOif^f|-^«bfco 

[0 0 4 7] %itirz3 2X 1 6®*<omMvhUi^X 

T«^L;^c¥KS:^5tC^-ro l-Z^CDmm^tZ 7 0 urn 
X2 5 5 umX&D. "tti'etKDiIKD^^lt^mz/^^ 

-ymx-^ntz i to^^ua i ttgipgd^iSUTv^ 
[0 0 4 8] mt^m4 

^7tlffl"7Xi7 tbT. 2 0X 8 4mm. iP$ 2 

□ lFP<DS*?^^^t^g$ 6 7. 2mm, 111 0 0 /imcOX 
hy^:fX$>D. tf iy^3 0 0 MmTi|i;^[^(;:2 7 2* 
?&^M^T^.^^o 0 6tc<g^Mt::^-rJ:'5l::, #xh^-f 

4. 8mmC::(h(Ci|ii2 0 /zm(O)@O^3;0^#^LTl/^ 
^« tLX\t. ^?^1 2 0 X 8 4mm, M 

$ 1 0 0 MmCDnA*-;HStC, '^x^y hX^yf^V^i/lC^ 

^xmam^mnz'^T.c^^mMLrco m7\zm^^\z 

Tjk-t^olZ. &Xh^-ry=KMPgP2 btiS^ 1 0 Om 
m, >|i2 7 0 /xmXabO. tf 5=* 6 0 0 m mT'ili^f f^lC 
1 0 0*;0^^t£^T^^i^o ±IB2aaOTX^$:, 

m\t^mr<^t>r.s^^^^o\zi^MLUf)^^. €^t:-Ai§ffi 

J: ^ T^I^J^yii^^ L t/^ 2 mmilicDX 7^ > 1/ Xil#na 

[0 0 4 9] ^mmstmu i ToaBj^ffijKO'::)!,:^^^ 

:y^XS1Sl 0^120X10 Omm(Di^^-^\zWWi 

ms0^o\zm'^(Dy7th')'j^yy^'-mz^-z> 

TITOSlOOMmhf^;/^^ (ITOSOiUQOMm) 
X 8 1 6*cox h^-ry2 Otl/^^->JtlDXL;^Co 'A 
\z. $myt^t^U^ ^\'\zy^niy7:=.>^mim'tm 
Si^^^T^Hfefiif^fSg^bfc^-X hS±tBS« 

±Jcxtf>=i-hfttcj:i9^*b. ^v-yt-zfy^z 

J:^g3^l?fflS^TTl 4 or, 1 0»rp1(7)ir^4^a.7S 
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V 7 7 <t 0 ±t3# U -f 5 H S ^ A ^' - >JraX 
Lfc^T. 2 8 0"C, 3 0^m(D^D.7^m^, X^- 

iZ\t7 0 X 2 5 0 Atm(0HngB3 1 *^Klte.nTi5 0 , 
W O «Tifi© I T O X h 7 -f :/ 2 0 ©t1^.tgi5^>;!|i 
SttibTl.^^. tfc, llfel<D(*:a}gift*« 1 0' Qc 

[0 0 5 0] C©S«*}fejtL. UV-:ty>^!l31$SS 

1 O"' P aKTlCfi-SSTft^Lfc. ST. ^tl-^niE 
?L^jll**s|sftbT, ^7^0->7:i>^2 0 nm, t'X 
(m-;!<?;i'7x-Jl/;^j;i/A*V''-;i') ^10 0 nm, S 

3tlfflvx^s-aigHti:&i'iB@b. i ox 

lOOmm. Jf^lOmm. Sgl^^^SO. 3T©7 

BS. vxi'CX h^'f ■::''!KlingB2 atS«©I TOX 
h^'f ^2 0 tO-^'t^/S^-lfcL. 2g0^3*im 

^g't'T. fffi^7tS4 0 ibTO. 3wt%0'<UI/> 
<&F-t:>i^UfcfX {2-;^5^;U-8-bFD:^^->:^ 
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